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Objective

The broad objective of this PhD research is to characterize and understand the
environmental fatigue crack propagation behavior of advanced Al-Li-Cu based alloys and
metal matrix composites. Aqueous NaCl and water vapor, which produce atomic hydrogen
by reactions on clean crack surfaces, are emphasized. The effects of environment sensitive
crack closure, stress ratio and precipitate microstructure are assessed. We seek mechanistic
models of intrinsic crack tip damage processes to enable predictions of cracking behavior
outside of the data, metallurgical improvements in material cracking resistance, and insight

on hydrogen compatibility.
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Environmental Fatique of Alloy 2090 Sheet and Plate

Donald C. Slavik and Richard P. Gangloff
Department of Materials Science

Abstract

Aluminum-lithium alloy 2090 (Al-2.7%Cu-2.2%Li-0.12%2r in wt.%)
is commercially available as sheet and plate. Enhanced near
threshold fatigue crack growth rates have been found in reportedly
recrystallized 2090 sheet compared to unrecrystallized 2090 plate
in moist air. This effect was attributed to high levels of
roughness induced crack closure in the 2090 plate due to textured
grains and shearable §'precipitates producing tortuous {111} slip
band cracking in moist air. A low level of crack closure was found
in the recrystallized sheet with a flat fracture path. These
results were not compared based on 4K, for R=0.75 (R = P_, /P ),
presumably due to the difficulties inherent in defining a single
crack opening load from the load-displacement data for high R. The
exact nature of the texture of grains, recrystallization, and
possible texture in the sheet after recrystallization were not
quantified. The analysis was not extended to determine the
environmental influence which can be important in dramatically
changing the cracking mechanisms.

This examination compares intrinsic fatigue crack growth rates
and crack path tortuosity for 2090 sheet and plate in_ the
unrecrystallized condition. A constant K_ of 17.0 MPa-m'/? was
employed in the experiments to circumvent problems associated with
defining crack closure levels. The role of grain size, texture,
environment, and AK were explored. Experiments were performed in
better than 6.5x10°° pascal dynamic vacuum, in moist air, and in an
aqueous 1 wt% NaCl solution at a fixed potential. For vintage III
sheet, 1 wt% NaCl was found to be mildly more aggressive than moist
air, and AK, increased by a factor of 3X in a vacuum over moist
air. Crack growth rates were enhanced in moist air by 10X over
vacuum in the near threshold regime, with the difference decreasing
to 2X for the higher AK ranges examined. Vintage III sheet and
vintage III plate were found to have similar intrinsic fatique
crack growth rates in moist air with the plate exhibiting a more
tortuous crack path with regions of slip band cracking and possible
cleavage cracking. Vintage III plate was compared to an early
vintage 2090 plate and a factor of 1.5 reduction in AK, was
observed for vintage III plate which is not understood.

Future work will center on clearly characterizing the texture
through the material thickness, identifying the exact nature of the
grain and subgrain structure, and further monitoring the cracking
mode. Proportions of slip band cracking, cleavage cracking, and
intersubgranular cracking will be indentified for each environment
in sheet and plate specimens. Critical experiments that evaluate
the exact nature of damaging cracking modes will be identified for
2090 or model alloy systems.
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2090 Sheet and Plate
(After Venkateswara Rao, Bucci, Jata, & Ritchie)
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T-Plane

2090 Slip Band Cracking in 13mm Plate
(After Yoder, Pao, Imam, & Cooley)

ORIGINAL PAGE IS
OF POOR QUALITY
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2090 Vintage Il Sheet in Air
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Crack Direction 0.5 mm,

2090 Vintage lIl Plate (T/2) in Air

0.5 mm,
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